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lEEE-aPIHHIlSJ TUNIEL TESTS OF A ;:^SCALE MODEL 
OF THE GEIMIAI!! XTB3P“1 AIEPIAHE 
TED NO . NACA DE301 f 
B y Bieodore Berman 


SUMMARY 


An investigation of iiie spin and recovery characteristics of 
a ^“scale model of tiie Grumman STB3B’“1 airplane has Been conducted 

in the Langley 20-foot free-spinning tunnel. The effects of control 
settings and movements on the erect and inverted spin and recovery 
characteristics of the model were determined. The investigation 
also included sptn-reoovery-paraohute, pilot-escape, and control- 
force tests . 

Becoveries that vere satisfactory according to 13ie spin tunnel 
criterion were ohtalnod from left spins hy rudder reversal alone. 

It was necessary to move the elevator down in conjunction with 
rudder reversal, hovrever, to obtain satisfactory recoveries from 
ri^t spins, and it was found that premature movaaent of the elevator 
down would lead to unsatisfactory recoveries . Eecoverles were rapid 
from all inverted spins obtained. It was found i3iat a l6-foot 
spin-recovery parachute at the tail or an 8-foot parachute opened 
on the outer -irlng tip (drag coefficient of O. 65 ) would be effective 
for recoveries from demonstration spins. Heversal of the rudder in 
conjunction with opening the parachute reduced the diameter of the ' 
tail parachute regriired to 15 feet. Test resxilts showed that in an 
emergency the pilot should attempt to escape from the outboard side 
of the spinning airplane, and that the control forces in a spin 
would be within the capabilities of the pilot. 
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EREE-SPHraillG- TUMEL TESTS OP A ;:^SCAEE MODEL 

2k- 

OF THE (S?IM4AN XTB3F-1 AIEPLAHl 
TED HO . HACA DE30^^ 

By Theodore Berman 

SUMMARY 


An InTestigation of the spin and recovery Cliaracteristice of 
a scale model of -Uie Grumman 23B3E-1 airplane has been conducted 

in the Langley 2o-foot free-spinning tunnel. The effects of control 
settings and movements on the erect and inverted spin and recovery 
characteristics of the model -were determined. The investigation 
also included spin-recovery-parachute, pilot-escape, and control- 
force tests. 

Recoveries that were satisfactory accordir® to the spin tunnel 
criterion were obtained from left spins by rudder reversal alone % 

It was necessary to move the elevator down in conjunction with 
rudder reversal, hcnrever, to obtain satisfactory recoveries from 
right spins, and it was found that premature movement of the elevator 
down would lead to unsatisfactory recoveries . Recoveries were rapid 
from all Inverted spins obtained. It was found that a l6-foot 
spin-recovery parachute at the tail or an 8-foot parachute opened 
on the outer wing tip (drag coefficient of 0 . 65 ) would be effective 
for recoveries frcmi demonstration spins. Reversal of the radder in 
conjunction with opening the parachute rediiced the diameter of the ‘ 
tail parachute required to 15 feet. Test results showed that in an 
emergency the pilot should attempt to escape from the outboard side 
of the spinning airplane, and that the control forces in a spin 
would be within the capabilities of the pilot. 
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IMEOOTCTIOIT 


In accordmce with a request, of the Bureau of Aeronautics, Ka^y 
Depai’tment, tests were performed in the Langley 20 “foot free -spinning 
tunnel to determine the spin and recovery characteristics of 

a scale model of the Grumman XTB3F’'! airplans. The airplane is a 

twD-place, midirring torpedo hcmber equipped with. a tractor propeller 
and an auiiliary Jet engine. 


The effect of control setting and movement on the erect and 
inverted spin and recovery characteristics of the model were determined 
for the normal loading. . Brief tests -vrlth mass extended sll^tly along 
the fuselage were also made, however, in order to determine the effect 
of such a mass variation on elevator effectiveness. Tests were per- 
formed to deteimlne the size of emergency spin-recovery tail and 
wing-tip parachutes required for satisfactory recovery hy pai*achute 
action alone. The investigation also incliided emergency pilot-escape 
tests and test's to determine the rudder pedal and elevator stick 
forces necessary to move the rudder and elevator for recovery. 


SYMBOLS 


h 

s 

c 

,x/c 


wing span, feet 
. wing area, square feet ■ 

.mean aerodynamic chord, feet 

ratio of distance of .center .of :gravlty rearward of 
leading edge . of mean aerodynamic chord to’ mean ■ 
aerodynamic chord. , 


z/c ' ratio of distance "between center . of gravity and thrust 

line to mean aerodynamic chord (positive' when center 
of gravity is helqw thrust line) - ■ • 

m ■ . "mass of airplane, slugs. - . : ^ - 

Xj, ly, lo; moments of inertia a"bout X. Y, and Z "body axes, 
respectively, slug-feet^ 



inertia yawing-moment parameter 
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mb^ 


inertia rolling-moment parameter 


inertia pitching -moment parameter 


P 


air density, slug per cubic foot 


a 




relatire density of airplane 

angle "between thrust line and vertical (approximately 
equal to a"bsolute value of angle of attack at plane 
of eymmetry) , degrees 

angle "between span axis and horizontal, degrees 


pSbJ 


Y 

n 

a 


full-sca3.e true rate of descent, feet per second 

full-scale angular velocity about spin axis, revolutions 
per second 

helix angle, angle "betnreen fli^t path and vertical, 
degrees (For the teste of this model, the average 
absolute value of the helix angle was approximately 
3°.) 


3 approximate angle of sideslip at center of gravity, 

degrees (Sideslip is Inward ifhen inner wing is 
down by an amount greater than- the helix angle.) 


APPARATUS AND MBTSODS 
Model 


The upscale model of the Grumman 3CIB3!B'-1 airplane was furnished 

by the Bureau of Aeronautics, Na^vy Department, and was checked for 
dimensional accuracy and prepared for testing by the Langley 
Laboratory. A three-view drawing of the model as tested is shown 
in figure 1. A photograph of the model in the normal loading, clean 
condition is shown in figure 2. 3n i±ie photograph, the radar unit 
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normally on the model was InadTertently omitted. The dimensional 
characteristics of the model as tested are given In .table I. The. 
tail-dancing power factor was conrouted "by the method given in . ’ 
reference 1. 

The model was 'ballasted with lead weights to o'btaln dynamic 
similarity to the airplane at an altitude of 25,000 feet 
(p » 0.001065 slug per ctibic foot) rather than the usual 15,000 feet, 
due to the relatively heavy construction of the model. A remote - 
control mechanism was installed in the model to actuate the controls 
or. open the parachute for recovery testa, and also to release the 
pilot for the- emergency escape tests . Sufficient moments were 
exerted on the control surfaces during recovery tejsts to reverse 
the controls fully and rapidly. 

A scale model pilot was 'built and 'ballasted at the Langley 

laboratory to represent, the pilot and parachute (200 pounds) at . 
25,000 feet for the pilot-escape tests. 

The propeller vras not simulated on the model , 'because the results 
of previous tests (data unpublished) have Indicated little effect 
of a • windmilling propeller on the spin characteristics of conventional 
airplanes. • ■ 


'Wind Tunnel, and Testing Technique 

The model tests were performed , -in the Langley 20 -foot free- 
spinning- tunnel, the operation of ^'vdilch .is generally similar to that 
described in reference 2 for the Langley 15 "foot free-spinning tunnel, 
except that Idae model-launching technique has been changed. With 
the controls set in the desired posltlcai, the model is launched by 
hand with rotation into the- vertically rising air stream. After a 
number of turns in the established spin, recovery is attempted by 
moving one or more controls by. means of a remote-control mechanism. 
After recovery, the model dives into a safety net. The model is 
retrieved, the controls reset, and the next spin is made. A photo- 
graph of the' model during a spin is shown in figure 3 ■ 

.The data presented were' determined by methods described in 
reference 2 and have' been converted- to corresponding full-scale 
yeO^ues. .The turns for recovery are measured from the' time the 
controls -are moved, or the parachute is opened, to the time the 
spin rotation ceases and the model- dives -In-to the net. For -the 
spins -vdilch had a rate of descent in excess of that •vdiich can 
readily be attained in the tunnel, the rate of descent was recorded 
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as greater tlian "Hie velocil:^ at -tiie time the model hit the safety 
net, for esan^le, > 300 ^ For these tests, the recoTery vas att«i 5 >ted 
"before the model reached Its final steeper attitude and ■while the 
model •was still- descending in the •fcunnel. S'uch results are con- 
servative, -that is, recoveries ■will not "be as fast as •when ■fche 
model is in the final s^beeper attitude ^ For recovery at^ten^ts in 
which -the model struck the safety net -vi-ile it •was still in a spin, 
•the recovery -was recorded as greater •than the number of -turns frcm, 
•the time -the con-trols ■were moved to -the time -the model s-taruck "the 
•net, as > 3 s A > 3-turn recovery does not necessarily indicate an 
improvefment over a > 7“turn recovery ^ For recovery at-ben^its in 
•which -the model did not recover, -the reco'very -was recor*ded as « ^ 
When the model recovered, ■wi'thout c<aa-trol movement, -with the con-fcrols 
wl'hh the spin, -the result -was recorded as '*110 spin. ' 

Spin--tumel tes-ts are made to de-bermlne -the spin and recovery 
characteristics of -the model for "the normal spinning ccm-trol ccsn- 
figuration (eleva-fcco: full up, ailerons neutral, and rudder full -with 
•the spin) and at various o-ther aileron-ele-vator-oontrol ■combinations 
including zero and maxlmimi deflections ^ Eecovery is generally 
at-tempted "by rapid full rudder reversal. Tests are also performed 
to evaluate -the possible adverse effects on recovery of mnen 
deviations from -the nomal . con’trol configuration for spinning . 

For these tests, ■the ailerons are set at one-'third of ■the full 
deflection in ■the direction conducive to slower recoveries (against 
■the spin for "the XTB3F-1 jaodel) , and ■the eleva-bor is set at ■two- 
■thirds of i^bs full -up deflection. Recovery is attempted "by ei^ther 
rapidly reversing ■the rudder from full ■wi'th ■the spin to ■fcwo-^thirds 
against -the spin or "by movement of the rudder •to two-^bhlrds against 
■the spin in conjunction -wl-th. mcving ■the eleva^bor to one--third down. 
This con'trol configuration and movement is r&f erred to as the 
'criterion spin. The criterion fcxr a satisfactory recovery from 
•this criterion spin in the spin ■tunnel has heen adop-bed as 

2^ -bumB or less "by rudder reversal or a ccm"blnation of rudder and 

eleva^bor reversal. This value has "been selected on ■Hae "basis of 
spin- tunnel experience and on ■the "basis of ccmparahle full-scale 
spin-recovery data -that are availa"ble. 

The ■bes'feing technique for determining -the optimum size of, 
and ■the •bowline length for, spin-recovery parachu'bes is descrl"bed 
in detail In reference 3 % For ■the -tail parachute ■tests, ■the 
parachute pack and towline ■were at^bached -bo ■the model near ■the 
rear of -the fuselage "below ■‘the horizon'bal tail on ■the ln"board side 
of ■the fuselage , ■ Wing-tip parachu^bes ■were attached to ■the outer 
■wing tip (left -wing tip In a right spin) When ■the paraohu-te -was 
at^bached •to ■the ■wing tip, ■the ■bowline length was so adjus^bed ■that 
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•fee parachute would Just clear the horizontal tail. In every case, 
the folded parachute vaa placed on the fuselage or wing in such a 
position that it did not seriously influence the steady spin before 
the parachute was opened. It is reconmiended that for full-scale 
wing -parachute installation, the parachute be packed within the 
airplane stmcture. All parachutes shottld be provided with a 
positive means of ejection. For most of the cu3?rent tests, the 
controls were not moved dtiring recovery so that recovery was due 
entirely to the effect of opening the parachute. For a few tests, 
however, the rudder was reversed in conjunction with opening the 
parachute. Silk parachutes having a drag coefficient of approxi- 
mately 0.65 (based upon the canopy area measured with the parachute 
spread out flat) were iised for the spin-recovery parachute tests . 

For the tests to determine from which aide of the spinning 
airplane it would be best for the pilot to make an emergency escape, 
a model pilot was released fr'can the inboard and outboard side of the 
fuselage at the cockpit in both steep and flat spins. 

Teste to determine the control forces required for spin recovery 
were made by systematically reducing separately the tension in the 
rudder and elevator cables used in the model. From these tests, 
the tension in the rubber bands which pull the rudder from vd-th to 
against the spin and the elevator from up to down was adjusted to 
represent known hinge moments about the respective hinge axes. 

Eecovery tests were then run with the tension in the rubber band 
being reduced systematically until the turns for recovery began to 
increase. When the turns for recovery started to increase, it was indi 
Gated -iiiat the control either was not fully 'reversing or was reversing 
slowly. The tension at this point was taken as the minimum tension 
which should be applied and was converted to corresponding full- 
scale rudder-pedal and elevator-stick forces at the equivalent 
altitude at lidiich the tests were run. 


rasCISION 


The model test reevilts presented are believed to be the true 
values given by the model within the following limits: 


a, degree . . . . 
ji, degree . . . . 
V, percent . . . . 
SI, percent . . . . 

Turns for recovery 


tl 

±1 



f tl/k- from motion picture records 
from visual observation 
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Bie preceding limits may liave been exceeded for seme of the spins 
In -which it -was diff icalt to ccm-fcrol -Hie model in the -tTunnel 'because 
of the hi^ ra-be of descent or 'beoause of -the -wandering or oscil” 
latory na-ture of ^e spin. 

Comparison "be-feween model and full-scale resul-bs (references 2 
and It) indicates -that spin- tunnel results are not always. in comple-te 
agreement -wi-th airplane spin results. In general^ -the models spin' 
at a Bome-what smaller angle of at-badc, at a somewhat higher rate of 
descent, and at from 5° 'to 10° more ou-feward sideslip -than did -the 
airplanes . The conroarlson made in reference if- for 20 airplanes 
sho-wed -that 8o percent of -the models predicted satisfactorily -the 
number of -turns required for recovery from -the spin for the. 
corresponding airplanes and -that 10 percent overestimated and 
10 percent underestimated -fche number of -turns required. Little 
can be stated about -tie precision of -the pilot-escape -tes-be because 
no comparable airplane da-ta are available. It is felt, ho-we-ver, 

•that if -the model pilot is observed to clear all par-bs of -the 
model by a large margin after being released, -fchen -the tests' 
indicate that -the pilot can Bafe3y escape. 

Because it is Impracticable to ballast -the model exactly, and 
because of the inadver-tent damage -to the model during -bests, -the 
measured -wei^t and mass dis-tribution of -the ZT33F-1 model -varied 
from the -true soaled-dovna values wi-thin -the following limits ; 

Weight, percent ........ 0 -bo 1 hi^ 

Center-of “gravii^ location, percent c . . 0 -bo 1 rearward of normal 

Moments f Ij, percent 2 high to 8 high 

of percent 1 hi^ to 9 high 

Inertia I^, percent O-^to T high 

The accuracy of measuring -bhe -weight and mass dls-brlbution is 
believed to "be -within the following limits: 

Wei^t, percent 'ti 

Center-of-gravi-by location, percent ±1 

Moments of Inertia, percent ±5 

Con-brols -were set -wi-th an acctiracy of tl°. 


TEST? COKDmONB 


Tests were performed for -the model conditions lis-ted on -table II. 
The mass characteristics and inertia parameters for loadings possible 
on the airplane and for -the loadings of -the model during tes-ts are 
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shown on table IH. The inertia parameters for the loadings possible 
on the XTB3P“1 airplane and for the loadings tested on the model are 
also shown In figure ij-. As discussed in reference 5^ figure can 
be used in predicting the relative effectiveness of the controls on 
the recovery, characteristics of the model. 

The meixlnrum control deflections used in the tests were: 

Rudder, degrees ................ 30 ri^t, 30 left 

Elevator, degrees 30 up, 15 down 

Ailerons, degrees ................... 17 np, 17 down 

Intermediate control deflections .used were: 


Rudder, two-thirds deflected, degrees 
Elevator, two-thirds up, ■ degrees . . 
Elevator, one-third down, degrees 

Ailerons, one-third deflected, degrees 



RESULTS AND DISCUSSION 


■ The results of the spin tests of the model are presented on 
charts 1 and 2 and on tables IV and V. The model data are presented 
in terms of the full-scale values for the airplane at a test altitude 
of 25,000 feet. .Based on spin-tunnel experience, it is felt that 
the current results are probably somewhat conservative as conpared 
to corresponding results which would be obtainable at some altitude 
such as 15,000 feet. All tests were performed with the model in the 
clean condition (coclplt closed, flaps neutral, landing gear 
retracted) . 


No3mial Loading 

Erect sulns The results of erect spin tests of the model in 
the normal loading (loading point 1 on table III and figure il') 'are 
shown on chart 1. Alleron-wlth spins were extremely steep and 
recoveries were very rapid. When the ailerons were neutral or 
against the spin, spins with the elevator up were steep and oscil- 
latory but spins with the elevator neutral or dot«x were flatter 
(a approximately 50°) • A decided asy^etry in recoveries was 
found in right and left spins . Recoveries from left spins for the 
normal control configuration for spinning and the criterion spin 
were satisfactorily obtained by arudder reversal alone. From ri^t 
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spine, however, recovery could not he obtained in 4 turns after ■tiie 

rudder alone was reversed from, the criterion spin, or In 2^ turns 

from the normal control configuration for spinning. Satisfactory 
recoveries were obtained, however, for idle criterion spin and the 
normal control configuration to the ri^t •tiheh the rudder and 
elevator were reversed simultaneously. Taasmuch as tests with the 
elevators down showed flat spins wilii slow recoveries, this result 
appears to he due to the dynamic action of the elevator. This 
effect was furlh-er investigated and it was found that satisfactory 
recoveries from the criterion spin to the ri^t could he obtained 
by simTiltaneously reversing the rudder and only neutralizing the 
elevator. Tests to determine iiie influence of the radar unit on 
the asymmetrical resiilts (data not presented) showed that with, the 
radar unit removed, the model sp-in and recovery (diaracterlstics 
were not changed. Previous tests with a model showing similar 
eisymmetry (reference 6) indicated that fin offset was the cause of 
the asymmetry. Accordingly, brief tests (data not presented) were 
made with the fin offset removed. These tests showed that the 
atsymmetry was largely due to the fin offset. 

Time lag between rudder and elevator movement ." Test data 
presented, in table IT ^ow the effect of time lag between rudder 
and elevator movement . 

Ees'olts of tests with, the elevator moved after rudder reversal 
^ow that as the time lag was Increased, the turns for recovery 
increased with recovery always following very qulclsly after the 
elevator was moved. These results confirmed previous tests in 
showing that the rudder is not sufficiently effective alone but that 
the dynamic action of the elevator is necessary to effect recoveries . 
■When the elevator was moved down ahead of ihe rudder movement, how- 
ever, recoveries became unsatisfactory. As this time lag Trias 
increased, recoveries became slower until, when the time lag was 
large, the model would not recover when this recovery technique was 
employed. These data indicate that rudder reversal should precede 
elevator-down movement by a short Interval (approximately 1/2 turn) • 

Biverted snlns .- The results of the Inverted spin tests of the 
model in the normal loading are presented on chart 2. The order 
used for presenting the data for inverted spins is different from 
that used for erect spins . For inverted spins controls crossed ' 
for the established spin (right rudder pedal fcxrward and stick to 
pilot’s left for a spin to the pilot's right) is presented to the 
ri^t of the chart and stick back is presented at the bottom. ’When 
the controls are crossed in the established spin, the ailerons aid 
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the rolling motion; vhen the controls are together the ailercais 
oppose the rolling motion. The angle of wing tilt p on the 
chart is given as up or ^Lo'vni relative to the ground. 

The Inverted spin-recovery characteristics were satisfactory. 
The model vrould spin only when the stick was laterally neutral or 
when the controls were crossed in the developed spin.- Eecoveiy 
freon these spins "by reversal of -aie rudder -vias rapid. 


Mass Changes and Center-of-Gravi-ty 'Moveonent 

Because satisfactory recoveries from ri^t spins depended on 
mo-vlng the elevator do-wn in conjunction -with rudder reversaij,. and' 
the data in reference k indicate that increasing the mass along 
the fuselage -wo-uld decrease -the elevator effectiveness, hrief tests 
(data not presented) were made -with Ihio mass along the fuselage 
Increased (ly and I2, increased approximately 10 percent of ly) • 

These testa indicated no appreciahle loss of ele-^a-tor effectiveness. 

Based on spin- tunnel eaperlence, it was felt that other 
moderate changes in the mass distribution or the center-of-gravi-ly 
location would not appreciably affect the spin and recovery charac- 
teristics of this model. Inasmuch as no large changes of center- 
of-gravity location or mass dla-tribution appear likely on this ■ 
airplane, no o-ther tests were considered necessary. 


Spln-Eecovery Parachutes 

The results of spin'-recovery-parachute .'tests ^e presented in 
table V. The results show that a tail parachute 16 feet in diameter 
(full scale) will be necessary for satisfactory recovery by para- . 
chute action alone from -the spin at normal spinning control 
configuration. Eecoveries were also attempted from this spin by 
opening the parachute in conjuncticai with rudder.' reversal. 3n- this 
latter instance satisfactory recoveries could be ob-tained by use 
of a 15-foot parachute. Teste -were also made by opening the 15“foot 
parachute in conjunction -srt-th rudder reversal when .the model was 
in a flat spin. Eecoveries thus obtained from this' spin (ailerons 
against, ele-vntor neutral) were' also satisfactory . For the tail 
parachute tests, a tawline approximately 30’faet long was used. 
Satisfactory recoveries were also obtained by opening an 8-foot- ■ 
diameter parachute (maintaining rudder with the spin) attached to 
the outboard -wing tip with a 10-foot towline.. At the time the 
-wing- tip -parachute tests t/ere made, -tunnel operating cemditions 
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v©re such, that it was difficult to obtain hi^ tunnel velocities, 
and accordingly it was necessary to attempt recovery before the 
model reached its final steep attitude and corresponding hi^er 
rate of descent. Ihe wing- tip -parachute tests may therefore be 
considered as somewhat conservative. 

The model parachute as tested had values of drag coefficient 
of approximately 0 . 65 . T£ e. parachute with a different drag coef- 
ficient is used on the airplane, a corresponding adjustment will 
be required in parachute size. 


Pilot-Escape Tests 

It was observed during the tests performed to determine from, 
•vdiich side of the spinning airplane the pilot should atten^t an 
ffluergency "escape that the model pilot went over the trailing edge 
of the wing and cleared the tail of the airplane "then released 
from the outboard side for either flat or steep spins. When 
released from the inboard side in' a steep spin, the model pilot 
went over the fuselage, behind the trailing ed^ of the outboard 
wing, and then close to the tail. When released from the inboard 
side in a flat spin, the pilot went forr^ard over the leading edge 
of the wing into or close to the propeller disk. These results 
Indicate that the pilot should jump from the outboard side if it 
is necessary to abandon the airplane in a spin. 


landing Condition 

The landing condition was not tested on this model Inasmuch as 
current Na-vy specifications do not require this type of airplane to 
pass spin demonstrations in the landing condition. 

An analysis of full-scale and, model tests to determine the 
effect of flaps and landing gear, in the event that the airplane 
is inadvertently spun in these conditions, indicates that althou^ 
the 2IB3F-1 airplane will probably recover satlsfaiotorily frcm an 
incipient spin in the landing condition, recoveries frcm fully 
developed spins will probably be unsatisfactory. Therefore in 
order to avoid entering a :^ully developed spin, it is recomaended 
that the flaps be neutralized and recovery attempted immediately 
upon inadvertently entering a Spin in the landing condition. 
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Con'ferol Forces 

■Ehe discussion of the results so far has heen "based on control 
effectiTeness £0.one without regard to the forces required to move 
the controls . As previously mentioned, for all tests svtff icient 
force was applied to the controls to move them fully and rapidly. 
Sufficient force must "be applied to the aii^lane controls to move 
them in a similar manner in order for the model and airplane results 
to "be cang)ara"ble . 

A few tests were performed with the model in the normal loading 
in which the forces applied to the rudder and elevator in order to 
effect a satisfactory recovery were measured. The results indicated 
that the full-scale pedal and sticlc forces would both be within the 
capabilities of the pilot. Die rudder force was found to be approxi- 
ma’bely 15 O poicnds and the elevator force was found to be approxi- 
mately . 40' pounds from the model tests . Because of lack of detail in 
the rudder and elevator balances of the model, of inertia mass 
balan c e effects, and of scale effect, these restilts are only 
qualitative . indications of the actual" forces that may be eaperienced . 


Eecommended Eecovery Technique 

Based on- the results obtained with the model,- the following 
recommendations are made as to recovery technique for all loadings 
and conditions of the airplane. 

For erect spine, the rudder should be reversed briskly from 
full with the spin to fiill against the spin followed l/2 turn later, 
by movement of the stick forward maintaining it 3a.terally neutral; 
care should be exercised to avoid moving the stick forward "before 
the rudder has been ccmrpletely reversed' and also to avoid excessive 
rates of acceleration in the ensuing recovery dive. If an accidental 
spin is entered with flaps extended, the flaps should be retracted 
and recovery attempted immediately. 

For recovery from, inverted spins, the rudder should be reversed 
briskly and the stick moved to neutral (laterally and longitudinally). 


. CONCL"USIOKS 


T 

Based on results of spin tests of a gjpscale model of the 

Grumman XTB3F“1 airplane, the following conclusions regarding the 
spin and recovery characteristics of the airplane at a spin 
altitude of 25,000 feet are made: 
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1. The spin vill he scaaewhat oscillatory and the recoTery 
characteristics of the airplane -vd-ll he satisfactory for all 
loading conditions . The rudder should he reversed fully and 
rapidly, follotred 1/2 turn later hy movement of the stlci: forward 
of neutral, while maintaining It laterally neutral. 

2 , Eecoverles from Inverted spins will he satisfactory and 
should he made hy rapid full rudder reversal and stick 
neutralization. 

3* A l6 .0-foot-tall parachute wlih. a towline of 30*0 feet or 
an 8.0-foot parachute with a towline of 10.0 feet opened on the 
outer wing tip will he satisf actory , f or emergency recoveries from 
spins. These sizes are based on a drag coefficient of approxi- 
mately 0.65 for the laid out flat surface area. 

k. If necessary to ahandon the airplane in a spin, ilie pilot 
should leave fi-om the outboard side. 

5* The pedal and stick forces necessary to move the controls 
to effect satisfactory recovery will he within the physical 
capability of the pilot. 


Langley Memorial Aeronautical Laboratory 

jSational Advisory Ccmmittee for Aeronautics 
Langley Field, Ya. 




Approved! 


Hartley A. Soile 

Chief of Stability Eesearch Division 


Theodore Berman 
Aeronautical Engineer 
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TABLE I DIMENSIONAL CEAEACTERISTICS OF THE GEOMsiAN XTB3F-I 

Length, over all, ft 42-77 

Normal weight, ilh 19,189 

Normal ■ center-of -gravity location, percent M.A.C 23.9 

Wing; 

Span, f t • • . • 60 .0 

Area, sg. ft 548.7 

Section 

(a) Station 28 (modified T.E.) NACA ^0l8 

(h) Station 36I.375 (modified T.E.) NACA 23OI2 

Incidence : 

Boot, deg 2 

Tip, deg 2 

Dihedral, deg 5 

Aspect ratio 6 .^6 

Mean aerodynamic chord, in II5 .07 

Ailerons ; 

Area, eg. ft 33 *4 

i^an, percent h/S 35 

Hinge line to trailing edge, in. 20 

Horizontal tail surfaces: 

Total area, sg. f t I36.84 

^an, ft 24 .17 

Elevator area aft of hinge line, sg f t . . 4l .84 

Distance from normal center of gravity to 

elevator hinge line, ft 23 .81 

Incidence, deg 2 

Vertical tail surfaces: 

Total area, eg ft 45 .3I 

Total rudder area aft of hinge line, sg f t . I3 .73 

Distance from normal center of gravity to rudder 

hinge line, ft 24 ..56 

Tall -damping power factor 2£5 x 10 
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amE n comTiQHS tesebd or the ^j-scai® mdiel of w csommi OT3f-i airplare 

j^dbal loading points 1 and 2 on table 17 and f igune 4^ 


Ifata pre- 


Direction 

of 

spin 

Type 
. of 
spin 

RigSat 

Erect 

Left 

Erect 

Right 

Erect ^ 

Rl^t 

Inverted 

Eight 

Erect 

Eight 

Erect 

Rl^t 

Erect 

El^t 

Erect 

Right 

Erect 

Eight 

Erect 



atteiqjt 


Rudder reversal 

Rudder reversal 

SimnltaneouB rudder end 
elevator reversal 

Rudder reversal 


Rudder reversal followed by] g 
elevator movement down 

Rudder reversal followed by 


Rlevator movement down 
followed by rudder reversal, 

Elevator movement down 
followed by rudder reversal 

Tall parachute 
Wing-tip parachute 


Table 



Loading 


Normal 

Normal 

Normal 

Normal 

Normal 

Mass extended along fuselage 
(ly and increased approod.- 
mately 10 percent of ly) 

Normal 

Mass extended along fuselage 
(ly and I 2 , Increased approxi* 
mately 10 pesxent of ly) 

Normal 

NormaJL 
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T flW.Ti! IT,- EFIECTS OH EECOVHBX CEAEIKJTESISTICS Cff lEE gjj-SCAEE MODEL OP TBE 

(aOJMMAH SEB3H-1 iaBPLAHB OF SIME L^ EEOUEES HDDDEEl MD ELETAfEOB 

BEVERSAL, OP SEGS3EHCE CP COITEBOL MOVIMEMTS, AHD 

OP IHCBEASED H B DS gE ALOK> POSETAiS 

(o^ess otherwise iii&lcetea.| recor^ry atten^tecL tiy Teveorsal 
of rudder to 2/3 against the spin and of the elevator 
to 1/3 down in the sequence indicated (tarns for recovery 
measured from, time first oeatrol moved) j ri^t erect sjln^ 



Normal loading 

Mass Increased 
along fuselage 
(Iy and Increased 

approximately 
10 percent of ly) 

Ailerons 
1/3 against, 
elevator 2/3 up 

Ailerons neutral, 
elevator full up 

Ailerons 
1/3 Bgalnst, 
elevator 2/3 up 


Dodder reversal followed hy elevator reversal 


Turns for recovery 
Time lag l/h turn 


Turns for recovery 
Time lag 1/2 turn 


Toms for recovery 
Time lag 1 turn 


Toms for recovery 
Time lag 1 ^ turns 



Elevator reversal followed hy rudder reversal 


Turns for recovery 
Time lag 1/4 turn 


Turns for recovery 
Time lag 1 turn 


Turns for recovery 
Time lag S toms 


Turns for recovery 
Tims lag ^5 turns 
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nmw* l._ BFIN ADD REOQTEBX aEAHAOTDUaTIOS Or A ]^SaALE MODEL Of THE OamWAH Xl^P-l AlHfLAMG IM fH£ SCBIIAL LDADm 

iLsadlBE point 1 on taljls lU and figure 4; flane neutral] ooohplt oloeed; landlns gear eetmoted; reeorerr ntteMpted hj mpld fnll 
mdder riTerul eoco^t as noted (raoorerr atteapted froa, and ■tead;^apln data presented for, radder-full-vltfa spina)] ereot 
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OHARI 2.- IHVBRTED SPIK ABD BECOfVEBZ OHARACTERXaTias OF jL ^-SOU£ MODEL OF THE 
GBDMKUl XTB3F-1 AIBFLAIIE IN THE NORKU. LOADIHO 

.fading point 1 on table HI and figure t-; flaps neutral; cockpit olooea; lauding gear 

retracted; recovery attainted by rapid full nklder rerersal (recovery attenpt^ from, and 
eteady-spln data presented for, rudder-fUU-vlth spins}; spine to pilot's rl^lO 
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Figure 2,“ Photograph of the scale model of the Grumman XTB3F-1 airplane in 

normal loading, clear condition. 
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Fig. 3 
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Figure 3.- Photograph of the ^ - scale model of the Grumman XTB3F-1 
airplane spinning in the Langley 20-foot free -spinning tunnel. 
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Relative moss distribution Increased 
along the fuselage 
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O Airplane values 
□ Model values 






mb^ 


Relative mass distribution 
increased along the wings 



Figure 4a> llaBe paremsters for loadinge possible ou '(iie Grunmum XIB3F-1 
airplane and for the loading tested on tiie l/24>soale model* (points 
are for loadings listed in table III) 
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